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FE 6072 (US) 

PROCESS FOR PREPARING 1-BUTENE COPOLYMER 
AND COPOLYMER THEREOF 

The present invention relates to a process for preparing copolymers of 1-butene and C5- 
C22 alpha olefins by using a metallocene-based catalyst system, and to copolymers obtained by 
this process. 

l^Butene higher alpha-olefin polymers are known as semi-rigid resins. Due to their 
5 excellent transparency, surface non tackiness and other tensile properties they can be used, for 
example, for the production of packaging films or sheets or other melt-molded articles. 

In the art these copolymers are obtained by using titanium based catalysts. For example 
BP 186 287 describes 1-butene random copolymers obtained by using titaniimi tetrachloride 
supported on magnesium chloride and vinyltrietoxysilane as external donor. EP 352 362 
10 describes 1-butene copolymers obtained by using titanium based catalyst systems, diisobutyl 
phthalate as internal donor and 1,8 cineole as external donor, moreover in the comparative 
examples vinyltrietoxysilane is also used as external donor. 

When a titanium based catalyst is used the yield of the above process is very low. 
Moreover the distribution of the comonomcar, as shown by the firaction of polymer soluble in 
1 5 diethyl ether, is not very good and can be improved. 

Recently in WO 02/16450 low isotactic 1-butene copolymers obtained by using 
metallocene-based catalyst systems have been described. These copolymers are not endowed 
with higji values of isotacticity. 

A new process that permits to obtain an isotactic l-butene copolymer with high 
20 molecular weight, in high yield and with a good distribution of the comonomer is therefore 
desirable. 

An object of the present invention is a process for preparing isotactic 1-butene 
copolymers containing up to 30% by mol of one or more alpha olefins of formula CH2==CHZ 
derived units, wherein Z is a C3-C20 hydrocarbon group comprising, contacting 1-butene and one 
25 or more of said alpha-olefins, under polymerization conditions, in the presence of a catalyst 
system obtainable by contacting: 
a) at least a metallocene compound of formula (I) 
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CO 

wherein 

M is a transition metal belonging to groi^ 3, 4, 5, 6 or to the lanttianide or actinide groups in 
5 ttie Periodic Table of ttie Elements; preferably M is titanium, zirconium or hafhinTn; 

' p is an integer from 0 to 3, preferably p is 2, being equal to the formal oxidation state of the 
metal M minus 2; 

X, equal to or different fix>m each other, are hydrogen atoms, halogen atoms, R,.OR, 
OSO2CF3, OCOR, SR, NR2 or PR2 groups, wherein R is a linear or branched, saturated or 

0 unsaturated C1-C20 alkyl, C3-C20 cycloalkyl, C6-C20 aryl, C7-C20 allcylaryl or C7-C20 arylalkyl 

radical, optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of 
• - the Elements; or two X can optionally form a substituted or unsubstituted butadienyl radical 
or a OR'O group wherein R* is a divalent radical selected from C1-C20 alkyhdene, C6-C40 
arylidene, C7-C40 alkylaryUdene and C7-C40 arylalkylidene radicals; preferably X is a 

5 hydrogen atom, a halogen atom or a R group; more preferably X is chlorine or a methyl 

radical; 

L is a divalent bridging group selected from C1-C20 alkylidene, C3-C20 cycloalkylidene, Ce- 
C20 arylidene, C7-C20 alkylarylidene, and C7-C20 arylalkylidene radicals optionally containing 
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements, and silylidene 
0 radical containing up to 5 silicon atoms such as SiMes, SiPha; piefer^ly L is selected from 

the group consisting of is Si(CH3)2, SiPh2, SiPhMe. SiMe(SiMe3), CH2, (CH2)2, (012)3 and 
C(CH3)2; 

R* and R^, equal to or diflferrait from each other, are linear or branched, saturated or 
unsaturated C1-C20 alkyl, C3-C20 cycloalkyl, C6-C20 aryl, C7-C20 alkylaryl or C7-C20 arylalkyl 
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radicals, optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table 
of the Elements; 

and R^ equal to or different from each other, are hydrogen atoms or linear or branched, 
saturated or unsaturated C1-C20 alkyl, C3-C20 cycloalkyl, C6-C20 aryl, C7-C20 alkylaryl or 
C7-C20 arylalkyl radicals, optionally containing heteroatoms belonging to groups 13-17 of the 
Periodic Table of the Elements; preferably they are hydrogen atoms. 
T' and T^, equal to or different firam each other are moieties of formulas (II), (HI) or (IV): 

I 

N 





(H) (HI) (IV) 

10 wherein: the atom marked with the symbol * is bound to the atom marked with the same 

symbol bonds in formula (T); 

R^, R^ R^, R^ and R^, equal to or different from each other, are hydrogen atoms, or a linear 
or branched saturated or unsaturated Ci-C2o-alkyl, C3-C20"CycloaIkyl, C6-C4o-aiyl. 
C7-C4o-alkylaryl, C7-C4o-arylalkyl radicals, optionally containing heteroatoms belonging to 
15 groups 13-17 ofthe Periodic Table of the Elements; 

R^ and R^ can also join to fomi a saturated or unsaturated condensed 5 to 7 membered ring 
optionally containing heteroatoms belonging to groups 13-16 of the Periodic Table of the 
Elements; preferably R^ is hydrogen or a linear or branched saturated or unsaturated 
Ci-Cao-alkyl radical; 

20 b) at least an ^umoxane or a compound able to form an alkyhnetallocene cation; and 
c) optionally an organo alumumm compound. 

Preferred metallocene compounds of formula (Q belongs to the following subclasses: 
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Subclass (1) 

Metallocene compounds belonging to subclass (1) have the following formula (V): 



R'**-H2C 



CH2-R'° 




(V) 

5 wherein M, L, X and p have been described above; 

R'°, equal to or different from each other, are hydrogen atoms, or linear or branched saturated or 
unsaturated C-Cjo-alkyl, Ca-Csrcycloalkyl, Q-Cisraryl, C7-Ci9-alkylaiyl. C7-C,9-aiylalkyI 
radicals, optionaUy containing hetaoatoms belonging to groups 13-17 of the Periodic Table of the 
Elements; preferably R'" is a hydrogen atom or a Ci-Cip-alkyl radical, more preferably R'" is 
10 hydrogen, methyl or ethyl; 

and T*, equal to or different from each other are moieties of formula (Va), (Vb) or (Vc): 
H 

H 
I 

N 




H 




H 

(Va) (Vb) (Vc) 

wherein: the atom marked with the symbol * bonds in formula (V) the atom marked with the same 
15 symbol; 

R' and R' have been defined above; 

Preferably R* and R^ are hydrogen atoms or linear or branched saturated or unsaturated 
Ci-Czo-allQ'l radicals, or Ihey finm a saturated or unsaturaded 5 or 6 membraed ring optionally 
containing heteroatoms belonging to groups 13-16 of the Periodic Table of the Elements; 
20 Preferably R' is a linear or branched saturated or unsaturated C|-C2o-aIkyl radical. 
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Subclass (2) 

Metallocene compounds belonging to subclass (2) have the following formula (yj): 



R^^-H2C 




(VI) 



5 wherein R^^, M, L, X and p have been described above; 

and T^ equal to or different from each other are moieties of formula (Via), (VIb) or (Vic): 



R 



13 



^14 



13 



T 






Rl3 






R'V 




,R'2 


















"R" 


* 1 








-R^ 


H 










(Via) 






(VIb) 





N 

r 
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9 



H 

(Vic) 

whorein: tfie atom marked with the symbol * is bound to the atom marked with the same symbol in 
10 formula (VT); 

R^ R^ and R^ have been defined above; 

Preferably R^ and R^ are hydrogen atoms or linear or branched saturated or unsaturated 

Ci-C2o-alkyl radicals; or they form a saturated or unsaturaded 5 or 6 membered ring optionally 

contaming heteroatoms heteroatoms belonging to groups 13-16 of the Periodic Table of the 
15 Elements; 

Preferably R^ is a hydrogen atom or a linear or branched saturated or unsaturated 
Ci-C2o-alkyl radical; 
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R , R , R , R , and R , equal to or different from each other, are hydrogen atoms or 
linear or branched saturated or unsaturated Ci-Cao-alkyl, Cs-Cao-cycloalkyl, Ce-Cao-aryl, 
C7-C2o-alkylaryl, C7-C2(rarylalkyl radicals, optionally containing heteroatoms belonging to groups 
13-1 7 of the Periodic Table of the Elements, or two adjacent groups can form together a saturated or 
5 unsaturated condensed 5 or 6 merabered ring optionally containing heteroatoms belonging to groups 
13-16 of the Periodic Table of the Elements; preferably R" is a Ci-C2o-aIkyl radical; more 
preferably R^ * is a methyl radical; preferably R^"* is a hydrogen atom or a CrCao-alkyl radical; more 
preferably R^^ is a methyl radical; preferably R*^ R^^ and R'^ are hydrogen atoms. 

Metallocene compounds belonging to formulas (I), (V) and (VI) are well known in the art; 
10 . in particular they are described in US? 5,145,819, EP-A-0 485 823, WO 98/22486, WO 01/44318 
andUSP 5,786,432. 

Preferably the metallocene compounds of formula (I) are in the racemic (rac) form. 
Examples of alumoxanes suitable for use according to the present invention are 
methylalumoxane (MAO), tetra-(isobutyl)alumoxane (TIBAO), tetra-(2,4,4-trimethyl- 

15 pentyl)alumoxane (TIOAO), tetra-(2,3-dimethylbutyl)alumoxane (TDMBAO) and tetra-(2,3,3- 
trimethylbutyl)alumoxane (TTMBAO). 

Particularly interesting cocatalysts are tiiose described in WO 99/21899 and in WOOmi 674 
in which the alkyl and aiyl groups have specific branched patterns. 

Non-luniting examples of aluminium compounds according to WO 99/21899 and 

20 WO01/21674are: 

tris(2,3,3-trimethyl-butyl)alummium, tris(2,3-dimethyl-hexyl)aluminium, tris(2,3-dimethyl- 
butyl)aluminium, tris(2,3-dimethyl-pentyl)aluminium, tris(2,3-dimethyl-heptyl)aluminium, 
tris(2-methyl-3-ethyl-pentyl)aluminium, tris(2-methyI-3-ethyl-hexyl)aluminium, tris(2-methyl-3- 
ethyl-heptyl)aluminium, tris(2-methyl-3-propyl-hexyl)aluminium, tris(2-ethyl-3-methyl- 

25 butyl)aluminium, tris(2-ethyl-3-methyl-pentyl)aluminium, tris(2,3-diethyl-pentyl)aluminium, 
tris(2-propyl-3-methyl-butyl)aluniimum, tris(2-isopropyl-3-methyl-butyl)aluminium, 
tris(2-isobutyl-3-methyl-pentyl)aluminium, tris(2,3,3-triraethyl-pentyl)aluminium, 
tris(2,3,3-trimethyl-hexyl)alimiinium, tris(2-ethyl-3,3-dimethyl-butyl)aluminium, tris(2-ethyl-3,3- 
dimettiyl-pentyl)aluminium, tris(2-isopropyl.3,3-dimethyl--butyl)aluniinium, tris(2-trimethylsilyl- 

30 propyOaluminium, tris{2-methyl-3.phenyl-butyl)aluminium, tris(2-ethyl-3-phenyl-butyl)aluminium, 
tris(2,3-dimethyl-3-phenyl-butyl)alummium, tris(2-phenyl-propyl)aluniinium, tris[2-(4-fluora- 
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phenyl)-propyl]alumimum, tris[2-(4-chloro-phenyl)-propyl]aIumiiiium, tris[2-(3-isopropyl-phenyl)- 
propyljaluminium, tris(2-phenyl-butyl)aluminium, tris(3-methyl-2-phenyl-butyl)aluminium, tris(2- 
phenyl-pentyl)aluinimiim, tris[2-(pentafluorophenyl)-propyl]aluminium, tris[2,2-diphenyl- 
ethyl]aluminium and tris[2-phenyl-2-methylrpropyl]aliimimuin, as well as the conesponding 
5 compovmds wherein one of the hydrocarbjd groups is rqilaced with a hydrogen atom, and fliose 
wherein one or two of the hydrocarbji groups are r^laced with an isobutyl group. 

Amongst the above aluminium compounds, trimethylaluminium (TMA),' 
triisobutylaluminium (TTOAL), tris(2,4,4-tiimettiyl-pentyl)aluniinium (TIOA), tiis(2,3- 
dimethylbutyl)aluminium (TDMBA) and tris(2,3.3-trimethylbutyl)aluniimum (TTMBA) are 
10 preferred. 

Non-limiting examples of compounds able t6 form an alkylmetallocene cation are 
compounds of formula D"*E', wherein is a Bronsted add, able to donate a proton and to react 
irreversibly with a substituetit X of flie m^ocene of formula CD and 6' is a compatible anion, 
which is able to stabilize the active catalytic species origunating fiom the reaction of Ae two 

1 5 compounds, and which is sufficiently labile to be able to be removed by an olefinic monomer. 

Preferably, the anion E" comprises of one or more boron atoms. More preferably, tiie anion E' is an 
anion of the foimulaBAr/\ wfa^ein the substituents Ar which can be id^tical or different are aryl 
radicals such as phenyl, pentafluorophenyi or bis(trifluoromethyl)phenyl. Tetralds- 
pentafluorophaiyl borate is particularly prefoied examples of fliese compounds are described in 

20 WO 91/02012. Moreover, compounds of tiie formula BAra can conveniently be used. Compounds 
of this type are described, for example, in the published International patent application WO 
92/00333. Other examples of compounds able to form an alkylmetallocene cation are compounds of 
formula BAtjP wherein P is a substituted or unsubstituted pyrrol radicals. These compounds are 
described in WOOl/62764. Other examples of cocatalyst can be found in EP 775707 and DE 

25 1 99 1 7985 . Compounds containing boron atoms can be conveniently supported according to the 
description of DE-A-19962814 and DE-A- 199629 10. All these compounds containing boron atoms 
can be used in a molar ratio between boron and the metal of the metallocene comprised between 
about 1 : 1 and about 1 0: 1 ; preferably 1 : 1 and 2. 1 ; more preferably about 1:1. 
Non limiting examples of compounds of formula D^' are: 

30 Triethylammoniumtetra^henyl)borate, 
Tributylanunoniumtetra(phenyI)borate, 
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Trimethylaimnoniuintetra(tolyl)borate, 

TributylaniTnoniuintetra(tolyl)borate, 

TributylanunoniumtetTa(pentafluorophenyl)borate, 

Tributylammoniumtetra(pentafIuorophenyl)aIummate, 
5 Tripropylaiiunomuintetra(dimethylphenyl)borate, 

Tributylammoniumtetra(tTifluoromethylphenyl)borate, 

Tributylammoniumtetra(4-fluorophenyl)borate, 

N,N-Dimethylbeiizylammoiiium-tetraldspentafluorophe 

NjN-Dimethylhexylamonium-tetraldspentafluorophenylborate^ 
1 0 N,N-Dimethylaniliniiimtetra(phenyl)borate, 

N,N-Diethylanilimumtetra(phenyl)borate, 

N,N-Dimethylaniliniumtetrakis(penta£luorophOT^ 

NJ^-Dimethylaniliniumteteakis^entafluorophenyOa^ 

N,N-Dimethylbenzylammoniiini-tetrakispentafluorophenylborate, 
1 5 N,N-Dimethylhexylamonium-tetrakispentafluorophenylbo 

Di(propyl)aimnoniumtetrakis(pentafluorophenyl)borate, 

IX(cyclohexyI)a]iimoniumtetrakis(pentafluorophen^ 

Triphenylphosphoniiiintetralds(phenyl)borate, 

TTiethylphosphoniumtetrakis(phenyl)borate, 
20 Diph6ny]phosphoniumtetrakis(phenyi)borate, 

Tri(methylphenyI)phosphoniurntetrakis(phenyl)borate, 

Tri(dimethylphenyl)phosphoiiiumtetrakis(phenyl)bor 

Triphenylcarbeniumtetrakis(pentafluorophenyl)borate, 

Triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate, 
25 Triphenylcarbeniuintetralds(phenyl)aluniinate, 

Ferroceniumtetrakis(pentafluorophenyl)borate, 

FeiToceniumtetrakis(pentafluorophenyl)alurainate. 

Triphenylcarbeniumtetrakis(pentafluorophenyl)borate, 

N,N-Diraethylaniliniuintetrakis(pentafluorophenyl)borate. 
30 Organic aluminum compounds used as compoxmd c) are fliose of formula HjAlUj^- or 

HjAl2U^' described above. 
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The polymerization process of the present invention can be carried out in liquid phase. The 
polymerization medium can be 1-butene optionally in the presence of an inert hydrocarbon solvent 
Said hydrocarbon solvent can be either aromatic (such as toluene) or aUphatic (such as propane, 
hexane, heptane, isobutane, cyclohexane and 2,2,4-trimethylpentane). Otherwise the polymerization 
5 process of the present invention can be carried out in a gas phase. Preferably the polymerization is 
carried out by using liquid 1-butene as the polymerization medium (bulk polymerization). 

The catalyst system of the present invention can also be supported on an inert carrier. This is 
achieved by depositing the metallocene compound a) or the product of the reaction thereof with tiie 
component b), or the component b) and then the metallocene compound a) on an inert support such 
10 as, for example, silica, alumina, Al-Si, Al-Mg mbced oxides, magnesium halides, 
styren^divinylbenzene copolymers, polyethylene or polypropylene. The supportation process is 
carried out in an inert solvent, such as hydrocarbon selected ftom toluene, hexane, pentane and 
propane and at a temperature ranging fix>m 0°C to 100°C, more fix)m 30^C to SO^'C. 



1 5 WOOl/443 1 9, wherein the process comprises the steps of: 

(a) preparing a catalyst solution comprising a soluble catalyst component; 

(b) introducing into a contacting vessel: 

(i) a porous support material in particle form, and 

(ii) a volume of the catalyst solution not greater than the total pore volume of the porous 
20 support material introduced; 

(c) discharging the material resulting from step (b) from the contacting vessel and 
suspending it in an inert gas flow, under such conditions that the solvent evaporates; and 

(d) reintroducing at least part of the material resulting from step (c) into the contacting vessel 
together with another volume of the catalyst solution not greater than the total pore 

25 volume of the reintroduced material. 

A suitable class of supports comprises porous organic supports functionalized with groups 
having active hydrogen atoms. Particularly suitable are those in which the organic support is a 
partially crosslinked styrene polymer. Supports of this type are described m EP 633 272. 

Another class of inert supports particularly suitable for use according to the invention is that 
30 of polyolefin porous prepolymers, particularly polyethylene. 



A particularly suitable process for supporting the catalyst system is described in 



9 



FE 6072 (US) 

A further suitable class of inert supports for use according to the invention is that of porous 
magnesium halides, such as those described in WO 95/32995. 

The polymerization temperature preferably ranges from 0°C to 250°C; preferably comprised 
between 20°C and 150°C and, more particularly between 40°C and 90°C. 
5 The molecular weight distribution of the polymer obtained with the process of the present 

invention can be varied by using mbctures of different metaUocene compounds or mixtures of the 
metallocene compound of formula (I) and a Ziegler-Natta catalyst or by carrying out the 
polymerization in several stages at different polymerization temperatures and/or different 
concentrations of the molecular weight regulators and/or different monomer concentration. 
10 The polymerization yield depends on the purity of ttie tiausition metal organometallic 

catalyst compound a) in the catalyst, therefore, said compound can be used as such or can be 
subjected to purification treatments before use. 

Witii the process according to the present invention it is possible to prepare isotactic 1- 
butene copolymers containing \xp to 30% by mol of units derived from one or more alpha-olefins 
15 of formula CH2=CHZ, wherein Z is a C3-C20 hydrocarbon group. Examples of alpha-olefins are 
1-pentene, 4-methyl-l-pentene, 1-hexene, 1-octene, 4,6-dimethyl-l-heptene. 1-decene, 
1-dodecene, 1-tetiradecene, 1-hexadecene, 1-octadecene and 1-eicosene. Preferred comonomers 
are -1-pcntene, 1-hexene and 1-octene; preferably the comonomer is 1-hexene. 

Preferably the content of said alpha olejQns derived units ranges from 2% to 20% by mol, 
20 more preferably &om 3% to 17% by mol. 

The l-butoie copolymers obtained with the process of the present invention are highly 
isotactic, and show a high molecular weight, that renders them usefiil for an industiial use. 
Moreover tiie 1-butene copolymers object of the present invention are characterised by high 
content of dietiiylether solubles fliat is an indication of good comonomer distribution. 
25 Furtiiermore 4,1 regioinsertions of 1-butene are present in the polymer chain. The presence of 
4,1 regioerrors along flie polymer chain enhances the effect of tiie inh-oduction of the 
comonomer. tiius lowering ttie degree of crystallinity. The presence of 4,1 insertions of 1-butene 
may be evaluated by "C-NMR. Assignments of 4,1 msertion can be made according to Busico 
(V . Busico. R. CipuUo, A. Borriello, Macromol Rapid. Commun. 1995, 16, 269-274) 
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nius. a farther object of the present invention is an isotactic l-butene copolyxner 

™ T'T. "^^^ '^^^^ - of iZla 

CH,-CHZ. whemn Z ,s a C3-C.0 hydrocarbon group having the following features- 

- »«>t-«^ticP«^tads(mnm,m)>90o/o;preferably>95o/„;n,orepreferably>98^^^^ - 

- the percentage of soluble fraction in diethylether (o/oSD) and the molar conLt of said 
alpha-olefin C%0) in the polymer chain meet the following relation: 

%SD>2.8%0 + 8. 

/.,SD>2.8/.0+ 15; a further prefen-ed rclatton is %SD>2.S%0 + 2a 
' ft. conten. of alpha olaflus is comprised behveen 10% and 30% Ih. copol™^ 

obbmed aceording ,„ .he presen, i„,e„«„„ ^ oha,ae,eri«d by tte fea,„^. 

- '»'«^''<^P™t=<l^(mm™m)>90%;prefe,abIy>95%;mo„preferd.Iy>98%and 

- P^'««=of«>tabIeftaeUonii,diethylether>92%;preferably>94% 
Preferably fte conten, of alpha-olefln derived units is comprised b«ween"l 1% and 25% 
When y content of alpha olefin is comprised between 5% and 12% the copolymers 

ob.amedaccordn,g,othepresentinvenaon..ecl«,rac.erizedbythefeaowingie.ft^ , 

- •=<"^acpentads(mmnun)>90%;preferably>95%;moreprefaably>98%and 

- I^«'t«seofsolublefiaeaonindiethylether>41%;pref«ably>4«% 
The l-butene copolymers obtataed according ,„ ^ ^ 

charac^rt^d by the p,^ of 4. 1 inae,«o„s in the polymer chain. T.^ a fi«her object of tZ 
^1 ~ >^ » "--tie l^ntene copolymer containing up ,o 30% by mol of um^ 
delved ftom one or more alpha-oleiins of Ibm-uU CH,=CH2. wherein Z is a C-C^ 
hydrocarbon group having the following Statures: 

- i«>taclic pentads (mmmm)>90%; preferably >95%; more preferably >98%; and 

- presence of 4,1 insertions m the polymer chain 

h.tween'^rir;:'^"'"'""*"*^""^''^'"-^ 

The l.b«,«« copolymets object of the present invention are finther endowed ™th a 

-lecularw«gh.dis.ribuHonMw/M„<4;p.fe,ab,yMw/Mn<3;morep„f^b^^ 

The m.l«>ular weigh, a.V.) measured in deoahydronaphtalene is higher ««n 1 dVg. 

preferably higherthan 1.25 dl/g. «i ■ oi/g. 
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The following examples are given to illustrate and not to limit the invention. 
Experimental section 

The intrinsic.viscosity av.) was measm^d in decahydronaphthalene (DHN) at 135° 
Tbe melting points of the polymers (T^ were measured by using a Perkin-EImer DSC-7 
calonmeter equipped with Pyris 1 software. The instrument was calibrated at indium and zinc 
meltmg points with particular attention in detemiming the baseline with required accuracy 

Meltmg points were measured according to the following method a weighted sample (4^ 
mg) Obtained fiom the polymerization was sealed mto an aluminum pan, the sample was then 
subjected to the following thermal treatment: 
10 i) first heating run from room temperature to 180°C with a scanning rate of 10°C/min- 
M) annealing run at 180°C for 5 minutes; 

CVStallizatinn nm from 180°C to 0°C at lftorA«,« ^ a * 

lou V. lo u v., at 10 C/min m order to crystaUize die sample 

under controlled conditions; 

iv) second heatinp;nin from room temperature to 180°C. 

m this second heating run, the maximum peak temperature was taken as ttre melting 
temperahire (TnO- 

The molecular weight distribution was determined on a WATERS 150 C using the 
following chromatograpWc conditions: 

Columns: 3x SHODEX AT 806 MS; Ix SHODEX UT 807; Ix SHODEX AT-G- 

Solvent: 1^,4 trichlorobenzene (+ 0.025o/„ 2.6-Di.tert.Butyl.4-Methyl.Phenol); 

Flow rate: 0.6-lml/min; 
Temperature: 135 <»q. 

Detector: INFRARED AT Xs3.5Mm; 

Calibration: Universal Calibration with PS-Standards. 

25 acquired on a DPX.400 spectrometer operating at 100.61 MHz in 

tfie Founer transforxn mode at 120 ^C. The peak of the 2B. carbon (nomenclature according to 
Carman. C. J.; Harrington. R. A.; Wilkes, C. E. Macromolecules 1977, W, 535) was used as 
internal reference at 27.73. The samples were dissolved in l,l,2.2-tetr.chloroe*ane-^2 at 120 °C 
with a 8% wt/v concentration. Each spectrum was acquired with a 90° pulse. 15 seconds of delay 

30 between pulses and CPD (waltzl6) to remove ,H-13C coupling. About 600 transients were 
stored m 32K data points using a spectral window of 6000 Hz. Assigmnents of 4.1 insertion were 
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Diethyl ether solubility 

»d ^n'^'^V- •» - Sl'-^ flask equipped wiffi a magnetic stirrer 

and 25000 Of d.^ etter was added. The solution was stirred for 24 hours a, room Ur.^ 
« to drssolve ti,e soluble fraction of fte pol^nrer. After tire dissolution tire liquid was 
filtered wrtt. a paper filter. ti> separate U,e remaining soUd front tire solution, and was transferred 
to a glass flasl, previously weighted. The solvent was removed under vacuum and tite polymer 
obt^ned was dried in a warm vacuum oven for 1 day to eliminate all solvent traces. Tire flask 
was weighted and the quantity of soluble polymer was detennined. 
Vreparatlan of catalyst components 

Rac du„ethylsilylbis(2.meatyl.indenyl) zirconium dicUoride (A-1) was prepared 
according to USP 5.145.819. Rac «methylsUandiyIbis^-(2.5^e.ky,.3^2._5.^ 

.5 ;'^^^*'^'™^H>.2*>«-ophene,^iumdic^^^ prepared according t„ 

lite cocatalyst meUrylalumoxane (MAO) was a comme^i., product which was used as 
received (Witco AG, 10 %wtA-ol toluene solution. 1.7 M in AT). 
Catalyst solution preparation procedare 

3 mg of UK metallocene compound, indicated in table I w«c added to a toluene solution 
of me«.ylalmnoxane (MAO 10% w«ghtM>hme) to obtain tt» desi^i MAO«r ratio If 
necess^y. additional totaene was add«l to obtain a final vol^ne of 5-10 ml. easy to be fed fato 
^ autoclave. The catalyst solution was inserted into tire steel cyUnder and then fed into tite 
autoclave as reported above. 
Polymerization examples 1-8 

5™ ^'l' "r."*' """^^ -»»eticaUy sHrrci anchor (usual stirtng 

^550 rpm) and wtti, a Flow RccoM & Control systems (PRC) having maximum flow rate of 
9000 gr/hour fer l-butene. was purg«. witi, hot nitiogen (1.5 barg 70"C. 1 hour). Then 
^mng w. started and ,4,u.ene and l-hexene were fed into the reactor (amounts indicated iti 
«.l. I). Subsequentiy, tite reactor im,er temperature, was raised from 30=C to tire polymerisation 
temperatirre of 70'C. When pressure and tempcratirr. wc constant, tire catalytic solution was 
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W into ^ ^a. a ^ overp^^ ^ polymer^ was earned out lor 4e 
tune indicated m table 1 . 

Tto fte sttning was mtc^pled; tt,e pressure tato tte autoclave was rafaed U> 20 bar-g 
r .r."^"^ ^ —'-poller 

m ' '"^ ""^"^ """'^ ' -""^ " -"p^ 

was opened and «,e we. po„„,er ooHected. „.e we. po,^ was dried in a oven 

II :T " *-.«^^.«o„ data of 

Obtained polymers are reported in Table 1. 

Characterization of copolymers 

Samples of p„,y„,er obuined ftom examples 1 and 2 and a sample of an m^«fcy,e 
PCT^^r/" ?r °^ - - accordins - example „ of 

1 /. 2.6- d,-,-bu.y,-4-n.ed,yl phono, (BHT^ ,U80-C and tten tr^s^ in 1.9 and 4 mm Wok 
ptaques Um>ugh eompression molding at 200X wiu, an cooling of 30°Anin. 

The 1.9 mm thick plaques were submitted to tensile tet (acco«iing to ASTO D 638 

tensile modulus was calculated accoi^ing the following equation: 
tensile modulus^ (1-3% chord)=(T3%-Tl%)/0.02 
wherein T3«/o = stress at 3% deformation; and 
wherein Tl% = stress at 1% defonnation. 
The results are reported in table 2 
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Table 1 



Ex. 


Met 


AI/Z 
r 


liquid phase 
composition 


time 


Activity 


1 


1 
2 
3 
4 
5 
6 
7 
8 


A-2 
A-2 
A-2 
A-2 
A-1 
A-1 
A-I 
A-1 


1000 

1000 

1000 

1000 

675 

675 

500 

675 


1-Butene, 

1350 
1290 
1216 
1140 
1350 
1290 
1216 
1140 


1-Hexene, 

69 
140 
226 
314 

69 
140 
226 
314 


min 

30 
15 
60 
60 
60 
60 
60 
60 


135.3 
296.0 
111.3 
85.3 

139 
202 

70 

32 


%mol 

3.22 
5.94 
11.2 
15.8 
3.6 
7.28 
9.34 
16.7 



Table 1 (continued) 



n.a. = 



Ex 


4.1 
insertions 


I.V. 


TmCn) 


AHr 




%sp 


nunmm 


1 
2 
3 
4 


% 

022 
0.30 
n.a. 
0.26 


(DHN, 

1.56 
1.30 
1.48 
1.44 


°C 

94.0 
80.4 
59.6 
54.9 


J/g 

27.3 
14.6 
10.9 
n.a. 


2.1 
2.4 

2.2 
2.1 


% 

n.a. 
76.9 
94.1 
n.a. 


% 

>95 
>95 
>95 
>95 


5 
6 
7 
8 

not a 


0.25 
0.20 
0.29 
0.25 

\railable 


1.50 
1.34 
1.49 
1.43 


82.2 
67.1 
60.1 
48.7''^ 


21 

17.8. 
15.2 
n.a. 


2.3 
2.1 
2.3 
2.2 


n.a. 
n.a. 
n.a. 
n.a. 


n.a. 
n.a. 
n.a. 
n.a. 



after annealing at room temperature for 30 days 
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Example 

Ethylene content 



Hexene content 



Melt flow rate E 
Tn, Form II 



AHf Form n 



Tensile modulus (1-3% chord) 

Tensile strength at yield 

Tensile strength at break 

Elongation at break 



Table 2 



%wtaR) 



%wt(NMR) 



%mol (NMR) 



MPa 



MPa 



MPa 



% 



2.3 



5.0 



4.75 



3.22 



75 



n.a. 



3.9 
93 



103 



6.6 



37.1 



434 



32' 



106 



6.6 



36.7 



366 



8.65 



5.94 



4.5 



80' 



26' 



85 



5.3 



33.2 



444 



n.a.=not available 
" after annealing at room temperature for 30 days 

A comparison between the butene-ethylene (2.3 o/„wt C. IR) copolymer of the prior art 
and the butene-hexene copolymer according to the present invention (4.75 «/„wt C. nmrj 
pomts out the higher melting temperature and melting enthalpy of the latter, all the other 
properties being the same. 

A comparison between U,e same butene-ethylene (2.3 %w, Cb. IR) c„poI^„ of tte prior 
art and a more modified bntene-hexene copolymer (8.65 %w. C "c NMR) «=cording to tho 
P««=ot mvenHon points out the lugl.er melting temperatm, a„d fl«dbiUty of th. latter. aU the 
other properties being similar. In table 2 the superiority of the butene-hexene copolymc of the 
p«^nt mvention wim respect to d,e butene-ethylene copolymer of the prior art i, shov™ by a 
better thermal resistance and a higher flexibility. 
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Claims 

1. A process for preparing isotactic 1-butene copolymers containing up to 30o/„ by mol of units 
denved from one or more alpha olefins of formula CH2=CHZ, wherein Z is a Ca-Qo 
hydrocarbon group comprising contacting 1-butene and one or more of said alpha-olefins 
under polymerization conditions, in the presence of a catalyst system obtamable by 

contacting: 

a) at least a metallocene compound of fomiula Q) 




wherein 

M is a transition metal belonging to group 3, 4, 5, 6 or to the I^thanide or actinide 
groups m the Periodic Table of the Elements; 

P is an integer from 0 to 3, being equal to the fonnal oxidation state of the metal M 

minus 2; 

X. equal to or different from each other, are hydiogen atoms, halogen atoms. orR. OR, 
OSO.CF3. OCOR, SR, NR3 or PR, 8„,ups. wherein R is a linear or branched 
saturated or unsaturated C.-Qo alkyl. C3-C.0 cycloalM, Q-C,o aryl. C^,o alkylaiyl' 
or C7-C20 arylalkyl radical. optionaUy containing heteroatoms belonging to groups 13- 
17 of the Periodic Table of the Elements; or two X can optionaUy form a substituted or 
unsubstituted butacfienyl radical or a OR'O group wherein R' is a divalent radical 
selected from C.-C« alkyUdene. arylidene. C,-C« alkylarylidene and C7-Q0 

aiylalkylidene radicals; 

L is a divalent bridging group selected from C.-C^o alkyUdene. C3-C.0 cycloalkyHdene 
Q-Qo aiylidene. C^Co alkylarylidene. and C^-C^ arylalkylidene radicals optionaUy 
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containing heteroatoms belonging to groups 13-17 of the Periodic Table of the 
Elements, and silyUdene radical containing up to 5 siUcon atoms; 
R' and R^ equal to or different ftom each oth^. are linear or branched, saturated or 
unsaturated C,-C,„ alkyl. C3-Q0 cycloalkyi, Q-C. axyl, C,-C^ alkylaryi or C^^ 
aiylalkyi radicals, optionaUy containing heteroatoms belonging to groups 13-17 of the 
Periodic Table of the Elements; 

and R^ equal to or different from each other, are hydrogen atoms or linear or 
branched, saturated or unsaturated C.-C,o alkyl. Ca-C^ cycloalkyi, C-C^ aryl. 
alkylaryl or arylalkyl radicals, optionally containing heteroatoms belonging to 

groups 13-17 of the Periodic Table of the Elements; 

T' and 1^. equal to or different fiom each ottier are a moiety of formula (m (im or 
(TV): w. V ^ 
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^ on) (IV) 

wherein: the atom marked with the * is bound to the atom marked with &e same 

symbol bonds in formula (I); 

R^ R; R« and R", equal to or different fiom each other, are hydrogen atoms, or a 
linear or branched saturated or unsaturated C.O^alkyl, Ca-Qo^ycloalkyl. 
C6-C4o-aryl, C7-C^alkylatyl. C7-Qo-aryIalkyl radicals. optionaUy containing 
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements; 
R^ and R^ can also join to form a saturated or unsaturated condensed 5 to 7 membered 
nng optionaUy containing heteroatoms belonging to groups 13-16 of the Periodic Table 
of the Elements; and 

b) at least an alumoxane or a compound able to form an alkybnetallocene cation. 
The process according to claim 1 wherein the catalyst system further comprises organo 
almninum compound. 

The process according to claim 1 or 2 wherein in the compound of fomiula (1) M is 
htamum. rirconium or hafirium; X is a hydrogen atom, a halogen atom or a R group; L is 
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selected ftom the group consisting of is SiiCH^h, SiPhj, SiPhMe, SiMe(SiMe3). CH2. (CHa)^. 
(CH2)3 and C(CH3)2 and is a hydrogen atom or a linear or branched saturated or 
unsaturated Ci-Cao-alkyI radical. 

4. The process accordingto anyone of claims 1 to 3 wherein the metallocene compoundhas 
formula 

H 




(V) 

wherein M, L, X and p have the same meaning as in claim 1; 

R'°. equal to or different from each other, are hydrogen atoms, or linear or branched saturated or 
unsaturated C-Q^l. C3-C,«H:ycloalkyi. Q-C,<raryl. C7-C,<,-alkylaiyl. C^.s^arylalkyl 
radicals, optionaUy containing heteroatoms belonging to groups 13-17 of the Periodic Table of 
the Elements; 

T' and T*. equal to or diffa^t flom each other are moieties of formula (Va), (Vb) or (Vc): 

H 

H 
I 

N 




^ c J_ 



H 

(Va) (Vb) (Vc) 

wherein: the atom marked with the symbol * is bound to the atom marked with &e same symbol in 
formula (V); 

R*, R' and R* have the same meaning as in claim 1. 

5. The process according to claim 4 wherein in the compound of formula (V) r'^ is a 
hydrogen atom or a C,.C,9-alkyl radical; R«, R' are hydrogen atoms or linear or branched 
saturated or unsaturated C.-C^o-alkyl radicals, or they can form a saturated or unsaturaded 5 
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or 6 membered ring optionally containing heteroatoms heteroatoms belonging to groups 13-16 
of the Periodic Table of the Elements; and is a linear or branched saturated or xmsaturated 

Ci-C2o-aIlcyl radical 

6. The process according to anyone of claims 1 to 3 wherein the metallocene compound has 
formula (VI): 




(VD 

wherein M. L. X and p have the same meaning as in claim 1 and R'o, equal to or different 
from each other, are hydrogen atoms, or linear or branched saturated or unsaturated 
C.-C,^alkyl. C3-Q^loaIkyl. CVC.^-aryl. C7<:,9-alkyIaiyl. C-C^-arylalkyl radicals, 
optionally containing heteroatoms belonging to groups 13-17 of the Periodic Table of the 
Elements; 

and 1*, equal to or different &om each other aro a moieties of fonnula (Via), (VIb) or 
(Vic): 




R'3 



R'V JL R'' 
R'V X R'2 ^^^"^ 



(VIb) (Vie) 
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Wherein: the atom marked witti the symbol ♦ is bound to the atom marked with the same 
symbol in formula (VI); 

R' and R', have the same meaning as in claim 1; 
R", R'^ R'^ R'^ and R'^ equal to or different from each other, are hydrogen atoms or linear 
or branched saturated or unsaturated C-Cao-allcyl, Ca-C^o-cycloalkyl, Q-C^o-atyl. 
CT-Qo-alkylaryl, C7-C2o-arylalkyl radicals, optionally containing heteroatoms belonging to 
groups 13-17 of the Periodic Table of the Elements, or two adjac«it groups can form together 
a saturated or unsaturated condensed 5 or 6 membered ring optionaUy containing heteroatoms 
belonging to groups 1 3-16 of the Periodic Table of the Elements. 

7. The process according to claim 6 wherein R«. r' are hydrogen atoms or linear or branched 
saturated or unsaturated C.-C^o-alkyl radicals; or ftey can form a saturated or unsaturaded 5 
or 6 membere ring optionaUy containing heteroatoms heteroatoms belonging to groups 13-16 
of the Periodic Table of the Elements; R» is a hydrogen atom or a linear or branched saturated 
or unsaturated C.-Qo-alkyl radical; R" is a C.-Cao-alkyl radical; R'* is a hydrogen atom or a 
C,-C2o-alkyl radical; and R'^, r'3 and R'^ are hydrogen atoms. 

8. The process according to anyone of claims 1 to 7 wherein the alpha-olefin is l-pentene, 
4-methyl-l^,entene, l-hatene, l-octene. 4.6.dimethyl-l-heptene. 1-decene, l-dodecene.' 
1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 

9. The process according to claim 8 wherein the alpha-olefin is comonomeis are -l-pentene, 
1-hexene and l-octene. 

10. The process according to anyone of claims 1 to 9 wherein the content of said alpha oiefins 
derived units in the copolymer is from 2% to 20% by mol. 

1 1. An isotactic l-butene copolymer containing up to 30% by mol of one or more alpha-olefins 
of formula CH.=CHZ derived units, wherein Z is a C3-Q0 hydrocarbon group having the 
following features: 

- isotactic paitads (mmmm) >90%; and 

- the percentage of soluble fraction in diethylether (%SD) and the molar content of said 
alpha olefins (%0) in the polymer chain meet the following relation: 

%SD>2.8%0 + 8. 
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12. The isotactic 1-butene copolymer according to claim 1 1 wherein the percentage of soluble 
fraction content in diethylether (%SD) and the molar content of said alpha olefins (%0) in 
the polymer chain meet the following relation: 

%SD>2.8%0+ 10. 

5 13. The isotactic 1-butene copolymer according to claims 11 orl2 having a content of alpha- 
olefin derived units comprised between 10% and 30% by mol and having percentage of 
soluble fraction in diethylether >92%. 

14. The isotactic 1-butene copolymer according to claims 11 orl2 having a content of alpha- 
olefin derived units comprised between 5% and 12% by mol and having percentage of 

1 0 soluble fraction in diettiylether >41 %. 

15. Anisotactic l-butene copolymer containing up to 30% by mol ofunits derived from one or 
more alpha-olefins of fomiula CH2=CHZ. wherein Z is a C3-C20 hydrocarbon group having 
the following features: 

- isotactic pentads (mmmm) >90%; and 

15 - presence of 4,1 insertions in the polymer chain. 
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Abstract 

A process for preparing isotactic 1-butene copolymers containing up to 30% by mol of 
units derived from of one or more alpha olefins of formula CH2=CHZ, wherein Z is a C3-C20 
hydrocarbon group comprising contacting 1-butene and one or more of said alpha-olefins under 
polymerization conditions in the presence of a catalyst system obtainable by contacting: (A) a 
metallocene conq)ound of formula (I) 




MXp 



(D 

wherein: M is an atom of a transition metal; p is an integer from 0 to 3; X, same or different, are 
10 hydrogen atoms, hjQogen atoms, or an hydrocarbon group; L is a divalent bridging group; R' and 
are hydrocarbon groups; R^ and R" are hydrogen atoms or hydrocarbon groups; 
T' and T^, equal to or different from each other are a moiety of formula (IT), (HT) or (TV): 




r5 



*S 




(D) (m) (TV) 

15 wherein: the atom marked with the symbol * is bound the atom marked with the same symbol in 
formula (I); R^ R^ r', R» and R', equal to or different from each other, are hydrogen or 
hydrocarbon groups; and (B) an alumoxane or a compound able to form an alkyhnetallocene 
cation. 
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